Abstract
Introduction
Rheumatoid arthritis is a complex immune mediated disease for which there is no known cure. Both males and females suffer, 75% are women 1 . About 50% patients become disabled within 10 years, and survival is reduced 2 . Fortunately, in the last few years a shift of strategy of treatment towards early institution of DMARDS & recently, new classes of drugs known as "Biologics" or Biological agents have shown great promise in long term outcomes. Aspirin was the mainstay of therapy once. When Steroids were introduced in the treatment of the disease, it looked like a miraculous drug, but its use has been restricted because of multiple side-effects. Introduction of traditional DMARDs, specially Methotrexate (MTX) proved effective in reducing symptoms and disabilities, as well as slowing or halting radiographic changes [3] [4] . But it has also limitations, quest for ideal drug continues.
Although the exact triggering agents have not been identified, over the past few years there have been great advances in understanding the role of auto-immunity , the relation between immune-system and Rh. Arthritis, the role of the Cytokines in the causation of Rheumatoid arthritis & mechanism of joint damage. These great advances in knowledge have led to the introduction of novel but very effective agents called the BIOLOGIC agents in the treatment of Rheumatoid arthritis.
The BIOLOGIC agents, also known as the ' Biologic response modifiers' are therapeutic agents that have the potential to inhibit the behavior of the cytokines, cellular activation and inflammatory gene transcription by various means 5 . They include monoclonal antibodies, soluble cytokine receptors and natural antagonists 6 . It was Maini et al who for the first time elucidated the key role of the TNF-alfa in the pathogenesis of the disease and led to the discovery of the anti-TNF agents 7 . Other key proinflammatory cytokines such as IL-1, IL-6 have been targetted with promising results. With these new targets of therapy treatment of Rh. Arthritis has been boosted with new promise.
New targets of therapy:
Chronic and persistant inflammation of the synovial lining of the joint capsule due to complex immune mechanism is the cause of Rheumatoid arthritis. Over the past decade there has been great advancement in the understanding of the role of auto-immunity & the disease. Stated in a simple way, the current pathogenesis model involves -unidentified antigen interacting with antigen presenting cells (APCs) , such as mature CD20+ B-cells, which communicate with T-cells(CD4+). Through co-stimulatory signals, CD4+ T-cells become activated leading to stimulation of monocytes, macrophages and synovial fibroblasts to produce inflammatory mediators such as TNF-alfa, IL-1, IL-6 all of which are key cytokines of inflammatory process. These cytokines, specially TNF-alfa recruits other cells to proliferate and release destructive metallo-proteinases 8 , further promoting inflammation. These actions lead to the destruction of connective tissues, also drive receptor activated NF-KappaB ligand (RANKL) expression & osteoclast activation, leading to bone and cartilage destruction 9 . Large quantities of of these cytokines exist in the synovial fluid and tissues of the patients with Rheumatoid arthritis 10 .
Considering this huge role of the CD4+ T-cells, CD20+B cells, co-stimulatory signal for T-cell-APC interaction, the key role of the cytokines TNF-alfa,IL-1, IL-6 researchers tried to find out agents which would target & which might antagonize or inactive them, thus halting the whole immunological process causing the initiation & persistence of the inflammatory process in Rheumatoid arthritis. These agents are together known as the BIOLOGIC agents. In fact, many studies have shown that many of these agents have very promising role in controlling Rheumatoid arthritis, although is does not constitute a permanent cure, as the disease returns after a variable period when treatment is stopped. They are much more effective than the traditional DMARDS. Patients with early disease respond much more than the patients with long standing disease, and in fact permanent remission has been achieved with anti-TNF agents in some patients11-12.
BIOLOGIC AGENTS (CURRENTLY USED & UPCOMING ) :
IL 
Discussion about individual Agents :

IL-1 antagonists :
This was the earliest approved biologic response modifier. a proinflammtory cytokine which has effects on cartilage degradation leading to damage as well as inhibiting repair, and it is a potent stimulus to osteoclast leading to bone erosion [18] [19] . So, IL-1 inhibtors have significant role in altering course of RA when used alone or in combination with MTX. It is not commonly used since other agents show greater efficacy. However , it has better efficacy than the TNF-inhibitors in treatment of refractory adult-onset still's disease and systemic-onset juvenile R. arthritis [20] [21] .
Mechanism of action :
IL-1 is a17-kd protein mostly produced by monocytes and macrophages. IL-1 family consists of 3 structurally related proteins IL-1a, IL-1b & IL-1ra(receptor antagonist). IL-1a/1b acts on cell surface receptors type-I, & act as pro-inflammatory cytokines having effect on cartilage degradation leading to damage as well as inhibit repair, and it is a potent stimulus to osteoclasts leading to bone erosion, while IL-1ra act on same receptors but without signals--thus it helps as an anti-inflammatory agent. So, inhibition of IL-1 inhibitors can singnificantly alter the course of RA when used alone or in combination with MTX.
Tumour necrosis factor Inhibitors :
TNF -alfa, cytokine central to the inflammatory cascade in RA -activates lymphocytes and leucocytes, stimulates elaboration of other cytokines, and is always found elevated in rheumatoid synovium.
Three agents are in use : ETANERCEPT, INFLIXIMAB, & ADALIMUMAB. Among the TNF -blocking agents, the first to be introduced was INFLIXIMAB (Remicade), followed by ETANERCEPT (Enbrel) and ADALIMUMAB (Humira). Infliximab (a chimeric monoclonal antibody ) andAdalimumab (a fully human Anti-TNF antibody) are directed against TNF, while Etanercept is a construct of 2 TNF receptors (p 75) linked to the Fc portion of IgG 1, giving rise to an IgG-like molecule. Clinical trials have shown that all 3 agents have high efficacy in RA, where other agents including MTX has inadequate response. They can be used alone or in combination with MTX , but the combination has superior efficacy. [14] [15] . After 12 months of Anti-TNF plus MTX compared to placebo plus Anti-TNF, all three agents show ACR* 20, 50, 70 responses in order of 60% versus 25%, 40% versus 10%, and 20% versus 10% respectively. Modified Sharp score are even more impressive,which means that these agents are vey effective in preventing joint damage as assessed by serial X-rays, out of proportions to their ability to reduce clinical signs and symptoms. Many other studies have shown that institution of these agents with MTX early in the course of treatment of RA has the highest efficacy, and far superior to treating with MTX alone. 11, 12, [22] [23] [24] .
Newer anti-TNF agents : Golimumab :
This is an newer anti-TNF agent approved by FDA (April 2009). It is found to be effective in cases of moderate RA, where other DMARDS including MTX have inadequate response 25 . It is also found to be effective where other TNF agents have failed. Patients who have discontinued previous anti-TNF therapy because of lack of effectiveness have significant response compared to placebo(39% versus 18%) 26 . Its is given in a convenient subcutaneous once a month dosing.
Certolizumab Pegol :
It is another anti-TNF agent, approved by FDA (May 2009). It is a humanised monoclonal antibody with a polyethylene glycol moiety that is thought to help limit complement or antibody-dependent cytotoxicity and allow for an extension of its half life. It is recommended to use as a monotherapy or combination therapy with DMARDS in severe RA. Studies have shown that they are very promising in the management RA and observed ACR benefit occurred as early as 1 week 27 . Side-effects were headache, hypertension, UTI, nasopharingitis, but tuberculosis and malignancy were not seen 28 .It comes in a prefilled syringe that should be protected from light.
Mechanism of action of the Anti-TNF Agents :
TNF-alfa is a soluble 17-kd trimeric protein that is produced mainly by monocytes and macrophages. It binds to TNF-alfa_receptors on a variety of target cells , setting up a signaling-cascade in that cell . there are two different types of TNF-receptors, the p75 and the p55, that are trans membrane proteins and activate different intracellular signal-transduction pathways. TNF receptor signaling occurs through two arms. One arm has death domain proteins which lead to apoptosis or programmed cell death, hence the name, tumor necrosis factor. The second and dominant signaling occurs through a series of kinases, leading to activation of nuclear-factor kappa B (NF-kB ) that is a key trans-cription factor for activating genes involved in inflammation. 29 TNF-alfa tiggers production of other cytokines, induces endothelial adhesion molecules, stimulates collagenase and stromelysin, and stimulates osteoclast differentiation. That is why, blockade of TNF-alfa has a more global effects on inflammation than other cytokines.
Il-6 inhibitors (Tocilizumab):
Tocilizumab ( ACTEMRA, Roche ) is an important emerging treatment option in adult patients with moderate to severe form of RA. It is a recombinant humanized monoclonal antibody that acts as an IL-6 receptor antagonist..Intravanous Tocilizumab is effective and generally well tolerated as monotherapy or in combination with other DMARDS. Tocilizumab based therapy are consistantly more effective than placebo, MTX or other DMARDS.30-31 Notably, Tocilizumab is effective in long standing disease where anti-TNF therapy has failed. However, more data are needed to quantify its true effectiveness in case of moderate to severe RA. There was incidence of increased plasma Cholesterol level, decrease in absolute neutrophil counts and platelet counts in some cases as well as increase incidence of infections 31 .
B-Cell Antagonists:
Rituximab -B-cels are involved in multiple ways in immunological process. They serve as antigen presenting cells, can secret cytokines, and differentiate into antibody-forming plasmacells. Depleting or inhibiting B-cells has been shown to be effective in reducing symptoms & signs and halting progression of RA. One B-cell antagonist, RITUXIMAB, currently approved by FDA and in many countries, originally used for treatment of B-cell Lymphomas , has now been proved very effective in the treatment of RA, which are resistant to treatmet with MTX and the TNF-antaginists [32] [33] . Although the therapeutic effects of the anti-TNF agents is promising there also still nonresponders. Many of these cases have been reported to respond to RITUXIMAB.
Ocrelizumab :
It is an humanized monoclonal antibody that is in early phaseIII trial 34 . It selectively targets CD+20 B-cells.
Mechanism of Action :
RITUXIMAB is a chimeric monoclonal antibody that binds to the CD+20 molecule on the surface of B-cells other than stem cells and pre-B lymphocytes, leading to removal of B cells from the circulation. This does not affect the plasma cells as they do not have CD+20 on their surface.
T-Cell
Co-Stimulatory Blocked (Abatacept) (Orencia):
These agents interfere with the reactions between the antigen presenting cells and T-lymphocytes and thus affect early stages in the pathogenic cascade of events in RA. Abatacept is a fusion protein linking the extracellular domain of human cytotoxic T-lymphocyte associated antigen-4 (CTLA-4) to the Fc portion of human IgG1. It works by competing for the binding between CD28 on T-lymphocytes and CD80/86 on antigen presenting cells. This is an important co-stimulatory signal that is important for T-cell activation. Blocking this activation by ABATACEPT results in turns down T-cell response. Additional effects are by decreasing the production of T-cell derived proinflammatory cytokines such as TNF.
It effective and recommended for use in patients who have inadequate response to either MTX or one or more of the TNF-antagonists 35-36 .
Rankl Inhibitor : Denosumab
Thgisis a monoclonal antibody that binds to RANKL and thus prevents osteoclast development, activation and survival. It is in phase-III trial for treatment of osteoporosis. Trials are also underway for treatment of RA. 37
Side-Effects of the Biologic Agents :
Because the biologic agents interfere with one or other component the immune system of the body, there is increased chance of infections.there is chance of reactivation of tuberculosis. 38-39 So, screening for TB may be justified before start of therapy with the TNF-agents. There are also some documentation of infections like atypical mycobacteria, histoplasma, nocardia, listeria, pneumacystis, candida, aspergillus, cytomegalovirus etc. As shown by different studies, Prolonged suppression of immunity may facilitate re-activation of slow virus infection like PML (progressive multifocal leucoencephalopathy)
There are occurrences of other demyelinating diseases with anti-TNF agents, all of them improved with discontinuation of therapy 40 . Cases of Lymphoma have been reported with TNF-agents 41 , but unlikely with Rituximab, as it is originally used to treat lymphomas. Exacerbation of chronic hepatitis B have been reported 42 , although anti-TNF agents are safe in patients undergoing treatmet with interferon and ribavirin. Cases of drug induced Lupus have been reported. 43 Anti-TNF agents are reported to increase severity of Congestive heart failure and are not recommendedfor use. 44 Other observed side-effects are local dermatologic reactions (injection site reactions),which is the commonest side-effect specially with self administered drugs. 43 Infusion reactions are also reported in asignificant number of patients.Rare cases of bone-marrow aplasia have also been reported with Infliximab 45 So, side effects are relative ly rare and can be further reduced with more vigilant use of theagents. There seems to be some beneficiary side effects of the biologic agents. Evidences suggest that they may reduce risks of cardiovascular diseases 46 & strokes. They also reduce death from RA. Infliximab and etanercept have been shown to reduce insulin resistance 47 .
Future Trends & Conclusion :
With the advent of the Biologic DMARDS, significant progress has been made in the management of moderate to severe cases of RA where traditional treatment with the NSAIDS, DMARDS, Steroids etc have inadequate or failed response. As mechanism of causation RA is not driven a single factor or a single cytokine, it is highly unlikely that it could be cured by a miracle drug. However,there are numerous other biologic agents are under study and at different stages of evaluation. Many of them include newer version of existing targets, many new molecule. They include TNF-a converting enzyme, new recombinant IL-1 agents (IL_1RII, IL-1Trap, inhibitor of IL-1 converting enzyme, monoclonal antibody to IL-6 receptor, IL-15(HuMax-IL-15) , CD2 receptor. Other targets includeCD22, CD40-CD40L, CD28-CTLA4-B7, anti-BLyS ( B-lymphocyte stimulator), And many others are under study.
An important issue for the patients of the third world countries and even for some patients of the developed countries is the high costs of these exellent agents. So, for the patients who can not afford,the choice is the use of the traditional DMADRS, if needed , combination them, titrating their use to get optimum response. For those who can afford , early institution of new Biologic agents, preferably in combination with MTX may even cure the disease.
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